To determine whether long-term administration of growth hormone (GH)-releasing factor (GRF) and(or) thyrotropin-releasing hormone 0 alters ovarian follicular fluid (FFL) concentrations of insulin-like growth factor-I (IGF-I), progesterone, and estradiol &), and follicular growth, Friesian x Hereford heifers (n = 47; 346 f 3 kg) were divided into the following four groups: control (vehicle; n = 11); 1 pg GRF (human that had been synchronized were slaughtered and ovaries were removed. Follicles were grouped by magnitude of diameter into the three following sizes: 1 to 3.9 mm (small, n = 5 3 , 4.0 to 7.9 mm (medium, n = 63), and 2 8 mm (large, n = 71). Growth hormonereleasing factor and(or) TRH did not affect (P > .lo) IGF-I concentrations in FFL of any follicle size group. Growth hormone-releasing factor increased (P e .06) size (sr f pooled SE) of large follicles (14.7 vs 13.0 f .6 mm). Growth hormone-releasing factor also increased (P < .05) progesterone concentrations 4.4-fold above controls in FFL of mediumsized follicles but had no effect on progesterone in FFL of the small or large follicles.
Recent attempts to improve production efficiency in domestic animals has concentrated on the use of exogenously supplied growth hormone (GH; Fabry et al., 1987; Lapierre et al., 1987; Peel and Bauman, 1987; Enright, 1989; Hanrahan, 1989) . Growth hormone-releasing factor (GRF) and thyrotropinreleasing hormone (TRH) stimulate GH secretion in cattle (Vines et al., 1976; Enright et al., 1988) , and both GH and GRF increase lactation in dairy cattle (Enright et al., 1986 (Enright et al., , 1988 Pelletier et al., 1987; Davis et al., 1988; Elvinger et al., 1988; Lapierre et al., 1988; Soderholm et al., 1988) . Long-term GRF treatment can alter body composition in beef and dairy heifers (Enright et al., 1989c; Ringuet et al., 1989) , and GH can alter pelvic size in dairy heifers (Grings et al., 1990) .
The galactopoietic effect of GH is thought to be mediated, in part, through increased hepatic production of insulin-like growth factor-I (IGF-I) because GH and GRF stimulate IGF-I production and GH has no direct effect on the mammary gland (Gluckman et al., 1987; Murphy et al., 1987; Enright et al., 1989b) . In addition, IGF-I enhances both the growth and differentiated function of ovarian follicles (Adashi et al., 1985; Hammond et al., 1988b) . However, less is known about consequences of GH or GRF treatment on the reproductive function in cattle. Studies in gilts indicate that GH treatment may have stimulatory or inhibitory effects on ovarian follicular function (Hsu and Hammond, 1987; Bryan et al., 1989; Kirkwood et al., 1989) . In addition, long-term GH treatment increased days to fiist detected estrus (Pahnquist, 1988 ) and decreased pregnancy rates (Hard et al., 1988) in lactating dairy cows. Thus, our experiment was designed to determine whether increased GH secretion, stimulated by GRF and(or) TRH, affects follicular function in cattle.
Materials and Methods

Animals and Treatments. Friesian x
Hereford heifers (n = 48) at Grange Research Centre, Co. Meath, Ireland, were arranged by initial BW (Z f SE = 345.8 f 2.8 kg) into six blocks of eight heifers each. Within each block, two heifers were assigned randomly to one of four treatment groups in a 2 x 2 factorial experiment (n = 12hatment). Main effects were GRF (0 or 1 CLglkg BW) and TRH (0 or 1 p@g BW). The GRF used was the analog [ were dissolved and administered in sterile distilled water. Depending on their BW, individual heifers received volumes of injections ranging from 2.7 to 3.4 mI. Concentrations of solutions were increased every 2 wk to parallel increases in BW. Fresh solutions were prepared every 2 wk, divided into daily amounts, and stored at -2O' C. These solutions were thawed at 4°C for 24 h before use.
Heifers were maintained at Grange Research Centre (53'30' N latitude) in an individual tie-stalI barn and exposed to natural (April through June) photoperiod (range 12.5 to 17.0 h of light) and ambient temperatures (range -3.5' to 24.5'C). Heifers were fed individually; they received 3 kg concentrate/d (17.8% CP) and had ad libitum access to grass silage (10.9% CP in DM). The concentrate was fed at 1600 and was a mixture of ground barley (75%), soybean meal (23%), and a mineral-vitamin supplement (2%). Heifers were acclimated to daily handling, diet, and the experimental barn for 10 d before treatments began. Before treatment, the reproductive tract of each heifer was palpated per rectum to verify that the heifer was neither pregnant nor a freemartin and to establish the presence of reproductive structures indicative of normal cyclic ovarian function. One control heifer developed laminitis and was removed from the experiment.
Before slaughter on d 89, estrous cycles were synchronized (two injections, 11 d apart) with prostaglandin F2, (PGF&$. Ovaries were removed at slaughter 37 to 39 h after the second injection of PGF2,. The surface diameter of all follicles 2 4 mm was recorded and follicular fluid (FFL) was collected individually from follicles. The FFL from follicles 1 to 3.9 mm in diameter was collected and pooled within each ovary. Blood samples were collected at slaughter for progesterone analyses to verify that luteal regression had occurred. Serum and follicular fluid were stored at -20'C until they were analyzed.
Radioimmunoassays. Immunoreactive IGF-I in FFL was determined by RIA after acidethanol extraction as described previously (Spicer et al., 1988; Echtemkamp et al., 1990) . Intra-and interassay CV were 4.6 and 16.3%. respectively. Concentrations of progesterone in FFL were quantified using a RIA described previously (Baranao and Hammond, 1985) . Intra-and interassay CV were 11.0 and 16.9%, respectively. Concentrations of progesterone in serum were quantified using a nonextraction RIA (Ronayne and Hynes, 1990) . Intra-and interassay CV were 10.0 and 9.2%, respectively. Concentrations of estradiol &) in FFL were quantified using a modification of a previously described RLA (Cox et al., 1987 Unextracted, diluted FFL was used in the assay and produced binding curves parallel to standard curves when added at increasing volumes. Intra-and interassay CV were 10.5 and 22.6%, respectively. Statistical Analyses. Hormone data within each treatment were grouped into three classes, based on the following sizes of follicles: 1 to 3.9 mm (small), 4.0 to 7.9 mm (medium), and 2 8 mm (large). Data were subjected to least squares ANOVA (SAS, 1988) for a 2 x 2 factorial arrangement (GRF = 0,l; TRH = 0.1) in a randomized complete block design. Main effects were GRF, TRH, GRJ? x TRH, block, and follicle size group. Serum hormone data also were analyzed as a randomized complete block design. Data showing heterogeneous variance (FFL progesterone and h) were analyzed after transformation to In (x + 1).
Because no significant interaction (GRF x TRH) was observed for any variable measured, data were pooled within a main effect if the main effect was significant (P c .05) after 6ICN Biomedicals, Inc., Costa Mesa, CA.
ANOVA. Data also were analyzed to test the effect of the regressing corpus luteum (CL) on FFL variables (i.e., ovary with CL vs ovary without CL). Main effects were GRF, TRH, side with CL, and follicle size group; GRF x TRH and block effects were removed from the model because neither was sigmficant. All means presented in res& are least squares means f SE. Specifk differences between means were determined using the Fisher's protected least significant difference procedure (SAS, 1988) . Relationships among the variables measured were evaluated by regression and simple correlation (Pearson correlation coefficients) analysis (SAS, 1988). A GRF x follicle size interaction (P c .05) was observed for follicular diameter. When comparing means, GRF or TRH had no effect on the diameter of medium-sized follicles (X = 6.3 f .2 mm; Figure 1) . Thyrotropinreleasing-hormone had no effect, but GRF increased (P c .06) the size of large folicles (Figure 1) . Presence of the regressing CL did not affect size of either the medium-sized or large follicles (Table 1) . (Table 2) . However, concentrations of IGF-I were greater (P c .01) in large follicles (205 f 9 ng/ml) than in small (164 f 11 ng/ml) or medium-sized (149 f 10 ng/ml) follicles. Presence of a regressing CL did not affect concentrations of IGF-I in FFL (Table   1) ; averaged (across treatment and follicle size groups) IGF-I concentrations were 171 k 8 ng/ m l on ovaries contralateral to the CL vs 174 f 10 ngml on ovaries ipsilateral to the CL.
Results
Numbers
Concentrations of Progesterone and Estradiol in Follicular Fluid. Because no significant TRH x GRF interaction was observed for FFL progesterone, data were pooled within main effect for presentation. Thyrotropinreleasing hormone had no effect, but GRF increased (P < .05) progesterone concentrations in FFL of medium-sized follicles (Table   2 ; Figure 2) . Neither GRF nor TRH altered concentrations of progesterone in FFL of small or large follicles ( Table 2) . Size of follicle had no effect on concentrations of progesterone in FFL ( (FFL) of small (1 to 3.9 m), medium-sized (4 to 7.9 mm), and large (2 8 m) follicles collected during the preovulatory period of heiiers. CONTROL = pooled data from control and thyrotropin-releasing hormone (TRH)-treated heifers; growth hormone-releasing factor (GRF) = pooled data from GRP-and GRF+TRH-treated heifers. Pooled SE = 32, 35, and 27 ngl'ml for small, medium-sized, and large follicles, respectively. Asterisk (*) indicates mean differs from the respective CONTROL value (P < .05).
f 18 ng/ml in ovaries ipsilateral to the CL.
No effect of TRH or GRF on FFL & concentrations was observed ( Table 2) . However, a GRF x TRH x size interaction (P c .05) was observed ( Table 2) Presence of a regressing CL did not affect concentrations of & in FFL (Table 1) .
Correlation Coefficients. Because GIW affected several variables, data of follicles 2 4 mm in diameter were grouped within control and TRH treatment groups (CONTROL) and within GRF and GRF+TRH treatment groups (GFW) for correlation analysis. In both CON-TROL (n = 73) and GIW (n = 61) groups, concentrations of IGF-I in FFL were positively correlated with follicular diameter (r = .29 and r = .51, respectively; P e .01) and with FFL & concentrations (r = .22; P < .07 and r = .46; P e .01, respectively). Similarly, in both CON-TROL and GRF groups, concentrations of & in FFL were positively correlated with follicu- 
Discussion
Results of the present study reveal that 1) GRF increased the size of large follicles and increased progesterone concentrations in medium-sized follicles, 2) TRH had no effect on follicular size or steroid concentrations in follicular fluid, and 3) GRF and(or) TRH did not affect concentrations of IGF-I in FFL.
Treatment of cattle with GRF has increased serum IGF-I concentrations (Abribat et al.. 1988; Enright et al., 1989b) . However, we detected no increase in concentrations of IGF-I in serum on d 78 of treatment (data not shown) or in m;L (collected on d 89). We observed that GRF-induced increases in serum GH concentrations were lower on d 78 than on d 36 of treatment @might et al., 1989a). This reduced GH response to GRF injections may explain why IGF-I concentrations were not higher in GRF-treated heifers on d 78 of treatment and why levels of IGF-I in FFL were not affected by GRF.
The mechanism by which GRF induces follicular growth and steroidogenesis is unknown. Because IGF-I concentrations in FFL were not changed with GFW treatment, it is unlikely that the enhanced follicular functions were mediated by IGF-I, a well known in vitro stimulator of follicular cell steroidogenesis and granulosa cell mitosis ( Adashi et al., 1985; Hammond et al., 1988b) . Because GH secretion was increased two-to ninefold in the GRF-and GRF+TRH-treated heifers (Enright et al., 1989a) , and because GH has been shown to enhance FSH-stimulated progesterone production in cultured granulosa cells (Jia et al., 1986; Hsu and Hammond, 1987) , perhaps increased GH secretion mediated the GRF effects observed in the present study. Although no direct effect of GRF on follicular cell function has been reported, it cannot be excluded.
Similar to a previous study examining large bovine follicles (Spicer et al., 1988) , a positive correlation between follicular diameter and IGF-I concentrations was observed. This study also revealed that small and medium-sized follicles have less IGF-I than large follicles. Whether this increased concentration of IGF-I of large follicles is due to increased local biosynthesis or to increased diffusion of IGF-I from serum remains to be determined. Previous studies in gilts also have shown that IGF-I concentrations increase with follicular size (Hammond et al., 1985 (Hammond et al., , 1988a . Regardless of the source of FFL IGF-I, the concentrations we measured in FFL are within the range of concentrations that have been shown to stimulate bovine granulosa cell proliferation and steroidogenesis in vitro (Savion et al., 1981; Schams et al., 1988) . Long-term growth hormone-releasing factor (GRF), but not thyrotropin-releasing hormone treatment increased the size of large follicles and increased progesterone concentrations in medium-sized follicles of cyclic heifers. The hormonal mediator of the effects of GRF on follicular function does not seem to be insulinlike growth factor I but may include growth hormone and(or) GRF. These data provide a framework for further study of the direct effects of growth hormone and GRF on ovarian follicular cell functions. Additional studies w i l l be required to determine whether such exogenous hormone treatments could be used to alter reproductive performance. 
